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ABSTRACT 
 
Sample preparation for Two-dimensional gel electrophoresis (2DE) is tedious and not sufficient to provide 
a comparative profile of secreted proteins for various strains of M. tuberculosis. High lipid content in 
mycobacteria limits the use of common methods as it can hinder the 2DE run. This study highlights the 
significance of SDS-TCA procedure over common used methods for the preparation of sample from 
culture filtrate as well as other proteinaceous fluids. 
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Culture filtrate proteins (CFPs) or secretory proteins of M. 
tuberculosis have been reported to be immunodominant. 
Therefore, CFPs can be used as early diagnostic markers and 
therapeutic reagents for tuberculosis (15, 16), and various in 
vitro and in vivo experiments have evidenced the potential of 
secretory proteins (8, 18). 
Two-dimensional gel electrophoresis (2DE) is an 
extremely powerful tool to dissect multiprotein complexes. No 
other technique can resolve so many protein subunits in a 
single operation, which is possible by 2DE. In addition, 2DE 
can provide an array of extremely pure proteins for amino acid 
sequence analysis (7) or antibody production (3). Sample 
preparation has been emphasized as a crucial step for 
successful 2DE (17). Proteins are usually secreted at low 
concentrations in the culture media, which makes their 
recovery difficult. In addition, culture media are rich in salts 
and other compounds interfering with most proteomics 
techniques. Due to lack of a simple and rapid protocol for 
sample preparation the studies using culture filtrate proteins of 
M. tuberculosis are limited. To date, few attempts have been 
made to identify CFPs from M. tuberculosis applying 2DE (11, 
13, 19). 
Currently used protocols like ammonium sulphate 
precipitation, lyophilisation and concentration of filtrate using 
membranes are time consuming. Furthermore, high salt 
concentration after these procedures can pose a problem to the 
integrity of the isoelectric focusing (IEF) gel (a step of 2DE) 
(9). Therefore, salt removal is a necessary step before or after 
these procedures. Due to these tedious procedures used for 
preparation of CFPs complete overview of the secretory 
components of various clinical isolates of M. tuberculosis is 
difficult to obtain. Protein precipitation with trichloroacetic 
acid (TCA) is known as the preferred method for sample 
preparation from cell extracts of mycobacteria (4, 20). A recent
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study showed an improved sample preparation from cell 
extracts of Mycobacterium bovis BCG using SDS prior to TCA 
precipitation (1). The present study shows the utility of this 
improved method after slight modification for CFPs of 
Mycobacteria, which might present a basis for extensive work 
on secretory proteins of M. tuberculosis. 
Clinical isolates of M. tuberculosis were inoculated 
(approx 108 CFU/ml) in tween-80 free Sauton’s medium and 
incubated at 370C for 5 weeks (late log phase) on a shaking 
incubator.  
 The cultures were centrifuged at 18,000 g for 30 min at 40C 
and sequentially filtered through 0.45µm membrane followed 
by 0.22µm Millex GV PVDF membrane (Millipore, Bedford, 
MA, USA). Resulting filtrate was divided into three equal (200 
ml) volume for each sample. Sample 1 of culture filtrate was 
then precipitated after slight modification of previous reported 
method (1). Briefly, 10% SDS (Sigma, St. Louis, USA) was 
added to obtain 0.1% final concentration (w/v) in the culture 
filtrate (CF) and kept in a boiling water bath for 5 min. CF was 
treated with trichloroacetic acid (TCA, w/v) (Sigma, St. Louis, 
USA) to obtain final concentration 10% (w/v). Finally, this 
mixture was incubated at -200C for 5 hrs and the resulting 
precipitate was removed by centrifugation at 18,000 g for 30 
min at 40C. Minimum volume of HPLC grade water (Qualigens 
Fine Chemicals, Mumbai, India) was added to disperse the 
pellet and then the whole suspension was washed with 1 ml of 
pre-chilled acetone (Sigma, St. Louis, USA). Sample 2 was 
precipitated by Ammonium sulphate (Sigma, St. Louis, USA) 
as described elsewhere but without dialysis (12). Sample 3 was 
subjected to ammonium sulphate precipitation after SDS 
treatment as described above. Air dried pellets were dissolved 
in minimum volume of 2D rehydration buffer (Bio-Rad 
Laboratories, Hercules, CA, USA). The protein concentration 
was determined by Bradford’s method (Sigma, St. Louis, USA) 
(2). 
Isoelectro focusing (IEF/ Ist dimension) was performed as 
described earlier (6). Briefly, 100 µg protein in rehydration 
buffer was applied to 7 cm IPG strips (Bio-Rad Laboratories, 
Hercules, CA, USA) of pH 4-7 and rehydrated for 16 hrs at 
20oC. The strips were then focused on an IEF cell (Bio-Rad 
Laboratories, Hercules, CA, USA) using the following 
parameters :(i) 0-250V,1hr (ii) 250V, 1.5 hr (iii) 250-
3000V,4hr and (iv) 3000V constant until 15 kVhr, at 20oC. The 
current limit was 50 µA/IPG strip. After completion of the Ist 
dimension run, each strip was equilibrated for 10 min with 
equilibration buffer I and then with equilibration buffer II (Bio-
Rad Laboratories, Hercules, CA, USA). The second dimension 
run was carried out by placing IPG strips on 12% SDS-PAGE 
gels (10) and sealed with 1% (w/v) agarose in electrode buffer. 
Protein spots were visualized by staining with coomassie 
brilliant blue R-250 (Sigma, St. Louis, USA). This 2DE was 
carried out using three different clinical isolates of M. 
tuberculosis. The results obtained by this sample preparation 
method is reproducible in independently obtained culture 
filtrates of the same clinical isolate of M. tuberculosis collected 
from the same growth phase. In the present study 5 weeks of 
culture filtrates were collected, therefore contamination with 
intracellular proteins may be expected. All the experiments 
were carried out two times.  
Mycobacterial proteins secreted in liquid media are known 
as important targets for early diagnosis of tuberculosis as well 
as candidates for protective immunity (14, 15). Efforts have 
been directed to characterize CFPs of M. tuberculosis (13, 16, 
20). Recently a group from our institution reported that 
addition of SDS prior to TCA precipitation of Mycobacterial 
cell extract proteins increases the resolution of the 2DE gel 
pattern (1).  Our study was designed to explore the utility of 
this procedure after minor modifications for preparation of the 
samples for 2D analysis from CFPs of M. tuberculosis. 
Sample preparation is a crucial factor in 2DE which needs 
complete solubilisation and denaturation of sample proteins. In 
an ideal procedure of sample preparation time should be kept 
as short as possible to avoid protein modifications and losses. 
A series of studies on CFPs were done using Ammonium 
sulphate precipitation (13, 16), lyophilisation and concentration 
by membranes etc (20). All these techniques are not themselves 
complete; require a desalting method like dialysis, which can 
further dilute the sample. Practical removal of a dialyzable 
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component from the parent sample cannot be accomplished 
without changing the dialysis buffer at least once (may be up to 
3 times). Moreover, these procedures are time consuming and 
laborious. Therefore, all these traditional techniques are 
complicated, and due to multistep procedures, proteins present 
in low quantity may be lost. Hence, prepared samples may vary 
with each revision and result in poor reproducibility of 2DE. 
Lyophilisation is a well known technique and can be 
helpful to concentrate a sample. According to the volume of 
the solution it may take from two hrs to overnight and dialysis 
is a necessary step during this procedure. Similarly high salt 
may remain during concentration while using a membrane 
without dialysis and can be deleterious for excretory-secretory 
proteins (13). This high salt concentration can lead to zones of 
dehydration in the gel which results in loss of current within 
the strip. This may cause poor resolution, streaking and 
overlapping of the protein spots. Our experiment with 
ammonium sulphate precipitation without dialysis reveals the 
same (Figure 1A). Culture filtrates prior to ammonium sulphate 
precipitation were also treated with SDS because the increased 
resolution of cell extracted proteins in TCA method was 
reported with this detergent in a previous study (1) of our 
groups, but no improvement was observed in ammonium 
sulphate precipitation after pre treatment with SDS (figure not 
shown). 
SDS-TCA method is comparatively simple, rapid and 
inexpensive compared to other traditional methods used for 2D 
sample preparation from CF. Our study using this procedure 
shows greater resolution (Figure 1B and 1D) in comparison to 
ammonium sulfate method of protein precipitation (Figure 1A) 
without any additional time consuming step like dialysis. The 
addition of SDS to mycobacterial culture filtrate prior to TCA 
precipitation improves the resolution of 2D-gels (Figure 1B 
and 1D) as described previously for mycobacterial cell extracts 
(1). Mycobacteria have high lipid contents, which may bind to 
proteins during sample preparation and can change both their 
isoelectric point (pI) & molecular weight (MW), furthermore 
lipid can also hinder the isoelectro focusing (IEF) run. 
Therefore, delipidation is a very essential step prior to 2D run. 
Washings with acetone in this procedure are useful to remove 
the lipids. Addition of SDS increases the solubility of proteins 
(21). The enhanced resolution of certain proteins shown in 
magnified gel sections (Figure 1D1, 1D2 and 1D3) validates it.  
An increase in the number of protein spots was observed after 
solubilization of Fasciola hepatica whole sample with hot SDS 
(9). Further, boiling of the sample along with SDS, as well as 
precipitation with TCA inhibits protease activities which 
results in a better recovery of proteins (5). Moreover, without 
any additional time consuming steps like dialysis etc., the 
chances of protein modifications and losses can be minimized. 
Hence, the good resolution of protein spots can be noted with 
this rapid procedure. Finally, the SDS-TCA precipitation 
approach could be a valuable contribution for more studies 
using CFPs of clinical isolates of M. tuberculosis. 
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Figure 1. 2DE gel of culture filtrate proteins from M. tuberculosis. A) sample preparation from clinical isolate by ammonium sulphate 
precipitation without dialysis, B) sample preparation from clinical isolate by SDS-TCA procedure without dialysis, C) sample 
preparation from H37Rv by using TCA without dialysis, D) sample preparation from H37Rv using SDS-TCA procedure without dialysis. 
C1-C3 and D1-D3 magnified section of gel and arrows showing difference in resolution. 
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